Introduction
The electronic and molecular structures of the transition metal halides is an established area of research where an increasing amount ofexperimental data has revealed some interesting variations, 14 thus stimulating theoretical studies on several of these molecules. 51° Considerably less is known about the transition metal hydrides and most experimental studies have been 12 restricted to the monohydridès However the electronic structures and potential energy curves of these hydrides are of interest due to the insight they may give into chemisorption, surface chemistry, and catalysis, 13 and several quantum mechanical studies have been reported for such systems (mainly for diatomic hydrides) 14-22
These ,1H investigations show that for the transition metal hydrides there isoften a tendency to maintain as high a multiplicity as possible, with the 3d coüfiguration of the metal atom surviving essentially unchanged during the formation of the molecule. mother words, the interaction between the metal 3d orbitals and the hydrogen is orbitals found to be very weak, probably because the partially occupied d orbitals are localized within the transition metal atom and are to a significant degree screened by the 4s
orbital.
The main question we address in the present work is the prediction of the molecular structure of the dihydrides. If the 3dM_lsll interaction is weak for all the elements of the first transitiOn metal series (Sc-Cu) then a linear geometry is expected for every HNH molecule. This is based on a bonding scheme involving the interaction of the is orbitals of the hydrogen I atoms with the two 4s-4p hybrid orbitals available from the transition metal (see Figure 1 and discussion below CI calculations were carried out using the Berkeley system of programs. 30
The. following restrictions were adopted in these CI calculations, performed [core] 6a 3b 7a 1 3b 1 1a 2 4b 2 8a1 in C 2 syetry (1) [core] 4Y 3o 16 11T SGg in Dh symmetry
This configuration preserves the high spin configuration of the manganese atom and allows two bonding interactions to occur between the available atomic orbitals of the fragments M, H 1 and H 2 .
Careful optimization of the Mn-H bond length was first investigated through SCF calculations for three values of the bond angle (a =1200, 150° and 180°) . Then, using interpolated values for the bond distance; three other angles were considered (a l35°, 15°, and 179°). - Table I gives the SCF total energies together with the corresponding Mn-H bond distances. The curve ESCF.f(a) is seen to be relatively flat since only 3.4 kcal/mole are required to bend the molecule from 180 0 to 150°. For this reason it was considered mandatory to further test this result by carrying out ci calculations for the three bond angles 120, 150
and 179°.
The CI results reported in Table I support the contention that an SCF treatment of this problem is meaningful. However the SCF energy difference of (between 150° and 180°) 3.4 kcal is slightly reduced at the CI level to 3.0 kcal. Furthermore, the CI coefficient of the SCF reference configuration is '\ 0.96, confirming the qualitative description obtained at theHartree-Fock level.
Our optimized bond length of 1.754 A may be compared, in Table II Table III gives the orbital energies as a function of the molecular bond angle a. As noted in the previous study of the electronic structure of MnH, 15 the half occupied 3d-like orbitals lie lower in energy than the two bonding molecular orbitals 6a 1 and 3b 2 . This seemingly paradoxical situaton is due to the fact that the radial extent of the manganese 3d orbitals is about the same as that of the 3s and 3p orbitals,while the 4s and the 1+p orbitals have a much larger radial extent. The hydrogen atoms must somehow overcome this extensive charge cloud in order to come close enough to have a significant overlap with the d-electrons. It is then energetically favorable for the .hydrogen atoms to bond to the 4s and 4p orbitals, even if these outer orbitals are higher in energy.
However due to the partial removal of the initial Mn 4s 2 population through some charge transfer Mn H' 2 (see Table I ), some 3dMn_1SH
interaction is allowed to occur, and this noticeably affects the slope of the a-sensitive molecular orbitals of MnH 2 , as shown in Figure 1 . For example, the energy of the 6a 1 molecular orbital (which essentially describes the interaction between the symmetric combination of the H is atomic orbitals and the 4s orbital of manganese) would be independent of the a angle in the absence of any 3d character in this molecular orbital.. Table III shows that this is not the case and that this doubly occupied bonding orbital favors a linear geometry. Figure 1 also explains why the slope of the other bonding orbital, the 3b 2 , is relatively independent of the molecular bond angle. The 4p character of 3b 2 would favor a linear geometry while its 3d component would favor some bending of the molecule. Table III further shows that the slopes of the mildly antibonding 8a 1 and 4b 2 (both half occupied) molecular orbitals roughly cancel each other, so that the molecular structure is governed by the geometrical preference of the 6a 1 molecular-orbital. We shall discuss now the geometry of the other transition metal hydrides on the basis of a variable amount of 3dN_1SH interaction.
NiH2 .
For NiH 2 (and for the heavier elements of the transition metal series in general) a weaker 3dM_1SH interaction is expected, because the 3d orbitals are known to sink in energy and to contract rapidly. As a consequence the 8a 1 and 4b 2 molecular orbitals must be always pure atomic 3d orbitals, with energies relatively insensitive to the bond angle. (8a1 ) 1 (7a 1) 1 (7a1 ) 1 (4b 2 ) 1 (4b 2 ) 1 (3b 1 ) 1 (3b 1 ) 1 (la 2 ) 1 (8a1 ) 1 (4b 2 ) 1 (7a1 ) 1 (3b 1 ) 1 (4b 2 ) 1 (la 2 ) 1 (8a1 ) 1 (3b 1 ) 1 (7a1 ) 1 (la 2 ) 1 (8a1 ) 1 (la 2 ) 1 leading to 3 3B 2 states, 3 3A2 states, 3 3B 1 states and a unique 3A1 state.
We chose to study the 3 A 1 state for the following reasons:
This state is expected to be correctly described at the SCF level of theory since there is no other 3 A 1 state energetically nearby expected to interact strongly. This was checked by performing a single CI calculation (see Table IV ) in which the SCF reference was found to be dominant, having a coefficient of 0.96.
If one of the low-lying electronic states of Till 2 is bent, then this 7a1 8a1 configuration is one of the best candidates. This is obvious
from Figure 3 , which shows that the occupation of the 8a 1 orbital together with the emptying of the 4b 2 orbital are the best conditions for finding a bent structure. An even better choice would be the 1a28a1 3 A 2 state, but there are two other low-lying states of the same symmetry, precluding a simple SCF study.
For three different values of the bond angle ci = 140, 160, and 179, the Ti-H bond length was optimized through SCF calculations. The results are given in Table IV . The notable increase in the bond length as the bond angle opens from 140 to 179 has to be traced to the mildly antibonding character of the half occupied 8a 1 orbital anddemonstrates the presence of , some interaction.
The geometry is predicted to be a linear one. Since very good conditions to find out a bent structure were fulfilled by this 3 A 1 state of Till 2 , it is by no means inconceivable that all of the transition metal dihydrides NH 2 are linear. However, the curve E = f(a) is computed to be extremely. flat (see Figure 2) , and TiH 2 may indeed be observed in matrices as a bent species since a dipole-induced dipole interaction may be strong enough to counterbalance the small energy required for the bending of the molecule. 25 Further, similar effects could readily explain the recent experimental result' on 23 24 Mnl-1 and CrH .
Concluding Remarks
We present here a theoretical analysis of the electronic structure of the 3d transition-metal dihydrides, supported by extensive ab initio calculations on NnH 2 and TiH 2 . Although the 3d contribution to the bonding increases as we go from the right to the left in the periodic table, the 3dN_lsH interaction is still too' weak to overcome the 4sp-ls 11 mixing which dominates the bonding scheme and determines the linear geometry. However, the lightest 4d and 5d transition metal dihydrides may be good candidates for a bent structure on the basis of a perhaps stronger d.MsH interaction.
The spectroscopic observation of trapped MnH 2 and CrH 2 as bent species may be a consequence of a dipole-induced dipole interaction between rare gas atoms and these molecules. Finally it is interesting that the hydrogen atom Mulliken charges within MnH2 .are the same ( -0.3) as those 'deduced empirically by Jolly and co-workers for the organometallic hydride H2Fe(CO)4. .o
